In this paper we present the renormalization group equations to one-loop order for all the parameters of two supersymmetric left-right theories that are softly broken. Both models are based upon the gauge group SU (3) c × SU (2) L × SU (2) R × U (1) B−L and both contain an arbitrary number of bidoublets as well as singlets; however, one model uses doublets to break SU (2) R and the other uses triplets.
Introduction
The recent discovery of oscillating neutrinos (implying that neutrinos are massive) has created definitive experimental evidence of a flaw in the standard model. This flaw can be rectified by adding an SU(2) R group to the standard model group structure. This will allow for a Dirac mass term for the neutrinos and will also provide a Majorona mass term for the right handed neutrino via the seesaw mechanism [1, 2, 3] when SU(2) R is broken. These extensions are called left-right [4, 5, 6] and they can also be imbedded in supersymmetry. With SUSY, the models are dubbed SUSYLR [7] and contain the attractive features of the supersymmetric standard model (e.g. providing a solution for the hierarchy problem and allowing for gauge coupling unification [8] ). SUSYLR models have the additional appealing characteristics of solving the strong CP problem [9, 10, 11] , asymptotic parity invariance and automatic R-Parity Conservation [12, 13, 14] The parameters in these models are written down at a high scale of new physics such as the GUT or Planck scale. In order to make predictions at lower energy levels, renormalization group equations (RGEs) must be calculated for these parameters, and their values extrapolated to the energy realm of current experiments. In this paper the RGEs for two instances of left-right models are presented (non-SUSY Triplet left-right model equations can be found in [15] ). These equations were calculated to one loop order using the general N=1 supersymmetry RGEs given in [16, 17] and are a valuable tool for extrapolating down from higher scale physics to the scale of SU(2) R breaking, at which point the model contains the MSSM and all couplings of interest can be extrapolated using the RGEs of the MSSM found in [16] .
The two models used in this paper differ in their SU(2) R breaking fields: one uses SU(2) R doublets and the other SU(2) R triplets. Theoretical consequences of these models can be found in various papers including [18] and [19] respectively. In section 2 we will present the doublet model starting with the specifics and continuing with the RGEs. In Section 3 we will follow a similar format for the triplet model.
Doublet Model

Particle Content
In Table 1 is the particle content for the doublet implementation of SUSYLR and the particle representations under the non-abelian gauge groups. The particle quantum numbers are stated for the U(1) B−L gauge group (The B − L number used in the RGEs follows the GUT normalization scheme; the values in the table do not. To get the GUT-normalized value, multiply the number in the table by 3/8). The Q and L are the quark and lepton fields of the MSSM and Q c and L c are the equivalent SU(2) R fields. In order to keep this model general, we allow for an arbitrary amount of singlet fields, n S and so in S α , α = 1 . . . n S . Likewise there are n Φ bidoublet fields and so in Φ a , a = 1 . . . n Φ . The SU(2) doublets and bidoublets are represented in the following manner (with color and generational indices suppressed):
SU(3)
Here Q and Q c are used as an example for any SU(2) doublet pair. The other doublets can be written in a similar fashion where the charges of the fields must obey the equation
Where I L3 and I R3 are the third component of the SU(2) L and SU(2) R quantum numbers.
Under SU(2), these fields transform as:
Mass Couplings
2.3.6 Soft Breaking Trilinear A's
Soft Breaking Masses
For convience, we define the quantity:
Which is used in the soft breaking mass equations below.
3 Concerning Triplets Table 2 shows the various particles of the triplet version of the SUSYLR model and their representations -except for the U(1) B−L group where the B − L number is given (The B − L number used in the RGEs follows the GUT normalization scheme; the values in the table do not. To get the GUT-normalized value, multiply the number in the table by 3/8).
Particle Content & Quantum Numbers
The Q and the L are the standard quarks and leptons of the MSSM while the Q c and L c contain the corresponding right-handed conjugate fields. In order to keep this model general, we allow for an arbitrary number of singlet fields and bidoublet fields. These values are n S and n Φ , respectively. Thus, for S α , we have α = 1, 2, . . . , n S ; for Φ a , we have a = 1, 2, . . . , n Φ . For the following work the particles have been chosen to have the form shown below, where the Q and the Q c fields serve as templates to construct the other SU(2) doublets (note that the color and generations have been supressed here). The charge is determined by the equation (1) . The B − L number as presented needs to be normalized; when using the GUT normalization (as this paper does), this means multiplying it by 3/8
and the standard I 3 ordering is used (row one has the highest I 3 value, row two the next highest, etc).
These fields transform under SU (2) as
and under Parity as
Superpotential and Soft Breaking Lagrangian
With the transformations and representations given above, the most general superpotential and soft breaking terms are
where the generational and color indices have been supressed and the transposes and τ 2 's belong to SU (2) . Thus the first term in W is actually
with the lowercase latin indicies specifying the generation and the uppercase latin indices specifying color. By demanding parity invariance from this theory, we also find the following relations among the parameters [9, 10, 11] : soft breaking mass terms for an SU(2) L doublet are equal to those of the corresponding SU(2) R doublet and
Where g L and g R are the SU(2) L and SU(2) R coupling constants, respectively.
RGEs
The renormalization group equations to one-loop order for all the parameters of the above theory are presented below and are categorized by the type of coupling
Yukawa Couplings
16π 2 d dt h a = h a 2h † b h b − 1 6 g 2 1 − 3g 2 R − 3g 3 L − 16 3 g 2 3 + h b Tr 3h † b h a + h ′ † b h ′ a + 2h † b h a + 4 µ α † Φ µ α Φ ba (44) 16π 2 d dt h ′ a = h ′ a 6f † c f c + 2h ′ † b h ′ b − 3 2 g 2 1 − 3g 2 R − 3g 2 L + 6f f † h ′ a + h ′ b 2h ′ † b h ′ a + Tr 3h † b h a + h ′ † b h ′ a + 4 µ α † Φ µ α Φ ba (45) 16π 2 d dt f = f 6f † f + 2h ′ * a h ′ T a + 2 Tr f † f + µ α * ∆ µ α ∆ − 9 2 g 2 1 − 7g 2 L + 6f f † + 2h ′ a h ′ † a f (46) 16π 2 d dt f c = f c 6f † c f c + 2h ′ † a h ′ a + 2 Tr f † c f c + µ α * ∆ c µ α ∆ c − 9 2 g 2 1 − 7g 2 R + 6f c f † c + 2h ′ T a h ′ * a f c (47) 16π 2 d dt µ α ∆ = µ α ∆ 2 Tr f † f + 2µ β * ∆ µ β ∆ − 6g 2 1 − 8g 2 L + µ β ∆ 3µ β * ∆ µ α ∆ + 3µ β * ∆ c µ α ∆ c + 8 Tr µ β † Φ µ α Φ + 1 2 Y βµν * Y αµν (48) 16π 2 d dt µ α ∆ c = µ α ∆ c 2 Tr f † c f c + 2µ β * ∆ c µ β ∆ c − 6g 2 1 − 8g 2 R + µ β ∆ c 3µ β * ∆ µ α ∆ + 3µ β * ∆ c µ α ∆ c + 8 Tr µ β † Φ µ α Φ + 1 2 Y βµν * Y αµν (49) 16π 2 d dt µ α Φab = µ α Φac Tr 3h † c h b + h ′ † c h ′ b + 4 µ β † Φ µ β Φ cb + Tr 3h a h † c + h ′ a h ′ † c + 4 µ β Φ µ β † Φ ac µ α Φcb + µ β Φab 3µ β * ∆ µ α ∆ + 3µ β * ∆ c µ α ∆ c + 8 Tr µ β † Φ µ α Φ + 1 2 Y βµν * Y αµν + µ α Φab −3g 2 L − 3g 2 R (50) 16π 2 d dt Y αβγ = Y αβρ 3µ ρ * ∆ µ γ ∆ + 3µ ρ * ∆ c µ γ ∆ c + 8 Tr µ ρ † Φ µ γ Φ + 1 2 (Y ρµν ) * Y γµν + Y γβρ 3µ ρ * ∆ µ α ∆ + 3µ ρ * ∆ c µ α ∆ c + 8 Tr µ ρ † Φ µ α Φ + 1 2 (Y ρµν ) * Y αµν + Y αγρ 3µ ρ * ∆ µ β ∆ + 3µ ρ * ∆ c µ β ∆ c + 8 Tr µ ρ † Φ µ β Φ + 1 2 (Y ρµν ) * Y βµν(51)
Mass Terms
3.3.6 Soft Breaking Trilinear A's 
Conclusion
In this paper we have calculated the RGEs to one loop order for two different types of SUSYLR models-one which breaks SU(2) R via doublets and the other using triplets. These equations should prove to be useful tools for relating the details of SUSYLR models to observable phenomena, thereby constraining the parameter space and perhaps verifying if SUSYLR models are viable extensions of the standard model.
